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ABSTRACT 

Between 1991 and 1993, Alaska harbor porpoise (Phocoena phocoena) abun- 
dance was investigated during aerial surveys throughout much of the coastal 
and offshore watets from Bristol Bay in the eastern Bering Sea to Dixon 
Entrance in Southeast Alaska. Line-transect methodology was used, and only 
those observations made during optimal conditions were analyzed. Survey data 
indicated densities of 4.48 groups/100 km2, or approximately 3,53 1 harbor 
porpoises (95% C.I. 2,206-5,651) in Bristol Bay and 0.54 groupsl100 kmz, 
or 136 harbor porpoises (95% C.I. 11-1,645) for Cook Inlet. Efforts off 
Kodiak Island resulted in densities of 1.85 groupdl00 km2, or an abundance 
estimate of 740 (95% C.I. 259-2,115). Surveys off the south side of the 
Alaska Peninsula found densities of 2.03 groups/100 km2 and an abundance 
estimate of 551 (95% C.I. 423-719). Surveys of offshore waters from Prince 
William Sound to Dixon Entrance yielded densities of 4.02 groups/100 km’ 
and an abundance estimate of 3,982 (95% C.I. 2,567-6,177). Combining all 
years and areas yielded an uncorrected density estimate of 3.82 porpoises per 
100 km2, resulting in an abundance estimate of 8,940 porpoises (CV = 
13.8%) with a 95% confidence interval of 6,746-11,848. Using correction 
factors from other studies to adjust for animals missed by observers, the total 
number of Alaska harbor porpoises is probably three times this number. 

Key words: harbor porpoise, Phocoena phocoena, abundance, Alaska. 

Under the recently reauthorized U.S. Marine Mammal Protection Act (16 
U.S.C. 1361-142 lh )  incidental mortality of marine mammals that interact 
with commercial fisheries is to be managed such that removals do not exceed 
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a level referred to as the Potential Biological Removal (PBR) level (Barlow et 
al. 1995). 

Although harbor porpoises, Phocoena phocoena, are known to occur through- 
out Alaska waters (Fiscus e t  al. 1976; Leatherwood and Reeves 1978; Lowry 
et al. 1982a, b; Leatherwood et al. 1983), few estimates of abundance exist. 
Aerial surveys conducted in the late 1970s in Prince William Sound (Hall, 
1979) resulted in a summer population estimate of 946 harbor porpoises (95% 
confidence interval of 820-1,159). However, because the harbor porpoise was 
not the target species, this is probably an underestimate of harbor porpoise 
abundance. Leatherwood et al. (1983) conducted aerial surveys of cetaceans 
throughout the eastern Bering Sea and Shelikof Strait and reported 62 sight- 
ings of groups of harbor porpoises, representing 100 individuals. Using only 
those sightings collected during random transects (= 45 sightings), Leather- 
wood e t  al. (1983) reported a density estimate of 0.38 ? 0.109 porpoises per 
100 km2 for the eastern Bering Sea and 2.185 -+ 8.5 porpoises per 100 km2 
for Shelikof Strait. The only study in Alaska designed specifically to count 
harbor porpoises was conducted from a shore-based sire in Glacier Bay in South- 
east Alaska (Taylor and Dawson, 1984). Densities of harbor porpoises varied 
by season and region within Glacier Bay from 1.2 to 5.9 groups/100 km2. 

Braham et al. (1983) plotted harbor porpoise sighting data from NOAA's 
Platforms of Opportunity Program (1958-1981).' Although this information 
is valuable with respect to knowledge of overall distribution of harbor por- 
poises, the sighting data were opportunistic and not useful for estimating 
abundance or trends in population size. Additional surveys which reported 
sightings of harbor porpoises in Alaska include Forsell and Gould (1981) for 
the Kodiak area and Brueggeman (1987, 1988) for the Aleutian Islands. 

Even less is known about the seasonal movements of Alaska harbor porpoises 
or the amount (if any) of genetic exchange that may occur between geograph- 
ical areas, that is, the relative discreteness of stocks. Based on geographical 
considerations, Gaskin (1983) proposed that harbor porpoises inhabiting the 
Bering Sea and adjacent Arctic waters be considered provisionally as three 
discrete subpopulations. Gaskin also proposed that harbor porpoises from the 
Gulf of Alaska and eastern North Pacific be divided into three stocks. Yurick 
(1977) suggested that there were three eastern Pacific subpopulations based 
on skull morphometric studies. Preliminary genetic studies on harbor por- 
poises occurring in California, Washington State, and Alaska waters indicated 
some isolation among porpoises inhabiting these geographical regions sug- 
gesting separation with little, if any, current interchange (Rose1 e t  al. , 1995).2 
During the present study it was not fiscally possible to survey all areas of the 
state in any one year. Accordingly, we selected sections of the state to  survey 
in consecutive years to maximize the likelihood of including all of the animals 

Opportunistic sighting database operated by Alaska Fisheries Science Center, National Ma- 

Personal communication from A. Dizon, Southwest Fisheries Science Center, P. 0. Box 271, 
rine Mammal Laboratory, 7600 Sand Point Way NE, Seattle, Washington 981 15. 

La Jolla, CA 92038, U S A . ,  December 1998. 
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Figure I. Survey ateas for Alaska harbor porpoise (Phocoena phocoena) assessment 
studies. 

for a particular area surveyed while minimizing the likelihood of significant 
movement between areas among survey years. We believe that harbor porpoises 
do not make long-range movements either within seasons or between years, 
and certainly not in the order of magnitude (several thousands of miles in 
some cases) needed to interfere with the estimation of abundance among sur- 
veyed areas in Alaska. Further tagging work is needed to assess the seasonal 
distribution of harbor porpoises and to assess what impact, if any, seasonal 
movements have on estimating abundance in adjacent sampling areas among 
years. Until further research is conducted, harbor porpoise stock structure in 
the eastern North Pacific is unclear. 

There are no directed fisheries for harbor porpoises in Alaska. However, 
because harbor porpoises are distributed in coastal waters, they are expected 
to be caught incidental to commercial and subsistence net-fishing operations 
(an authorized form of take under the MMPA). Matkin and Fay (1980) re- 
ported that the take some 20 yr ago was not significant (Copper River Delta). 
The nature and magnitude of the current incidental take is unknown. 

In 1991 the National Marine Mammal Laboratory initiated a 3-yr study on 
Alaska harbor porpoises. The objectives of this program were to: (1) Obtain 
minimum population estimates in coastal waters using line transect method- 
ology with a coefficient of variation for density estimates of less than 30% for 
each survey area. (2) Establish a baseline for detecting changes in abundance 
through time, for analysis of trends. 

MATERIALS AND METHODS 

Study Areas 

The nearshore waters of Alaska were divided into seven areas for survey 
purposes (Fig. 1). The study areas included waters where nearshore fisheries 
could interact with harbor porpoises. Area 1 included the outer waters of 
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Southeast Alaska; Area 2 ,  the Alaska Panhandle; Area 3, Prince William Sound 
and adjacent waters; Area 4, Cook Inlet; Area 5, the south side of the Alaska 
Peninsula; Area 6, Bristol Bay; and Area 7, the Kodiak Archipelago. The 
Aleutian Islands and Bering Sea areas (outside of Bristol Bay) were not in- 
cluded, because there are currently no commercial nearshore net fisheries pre- 
sent that might incidentally take harbor porpoises. In our analyses, Areas 1, 
2 ,  and 3 were combined (Dixon Entrance to Prince William Sound). 

Because the amount of coastline to be surveyed was large (over 4,800 
straight-line kilometers), each annual aerial survey was designed to cover only 
two to three of the seven areas; over the 3-yr period all seven areas were 
surveyed: in 1991, Areas 4 and 6; in 1992, Areas 5 and 7; in 1993, Areas 1, 
2, and 3. Concurrent with the 1993 aerial surveys of the offshore waters of 
Southeast Alaska, a vessel survey was also conducted to assess harbor porpoise 
abundance within the inland waterways of Southeast Alaska. Details of this 
survey are reported in Dahlheim et al. (1994). 

Field Methodology 

A Twin Otter3 was used as the survey platform. The surveys were flown at 
an altitude of 152.5 m (500 ft) and at an airspeed of 100 kn. Four biologists 
rotated through 40-min shifts: from left-side observer to the recorder position, 
to right-side observer, and then to the rest position. This resulted in two hours 
on duty with a 40-min rest period. Bubble windows behind the cockpit al- 
lowed observers to see directly below the aircraft. The recorder sat near the 
back of the plane and entered observation data into a portable computer. The 
plane was equipped with an intercom system allowing the survey crew to 
communicate with each other and the pilots. 

A Trimble 3000 Global Positioning System3 (GPS) unit was connected 
directly to the computer (a Loran system was used in 1991). Once per minute, 
or whenever data were manually entered, the date, time, and position (from 
Loran or GPS) were automatically recorded. Time spent on effort was recorded 
by marking the beginning and end of transect lines. At the beginning of every 
transect line, or whenever a change occurred, the recorder noted observer po- 
sitions and weather conditions, including percent cloud cover, Beaufort state, 
and glare and visibility conditions on each side of the aircraft. 

The left and right side observers scanned horizontally from directly in front 
of the plane (0") to 90" off the left or right side. Vertically, they scanned from 
the horizon to directly below the plane. A small overlap between observers 
occurred directly beneath the plane, which reduced the chance of missing 
animals on the trackline. Communication among observers prevented double 
counting of animals sighted in that overlap. When a porpoise sighting oc- 
curred, the observer called out "mark" as the aircraft wing crossed the sighting 
location, alerting the recorder to mark the time of the sighting. The species, 
group size, and vertical angle (vza a Suunto3 inclinometer) were then reported 

Reference to trade names does not constitute endorsement by NMFS. 
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to the recorder. Sightings made by the recorder, resting team member, or pilots 
were recorded after the primary recordings as “off-effort” and were not used 
in density estimate calculations. In addition, sightings made during transit to 
and from transect lines were noted but not included in our analysis. 

In 1991 a single zigzag trackline was flown across Cook Inlet, a single saw- 
tooth trackline was flown along the north side of Bristol Bay, and three iden- 
tical saw-tooth tracklines were flown along the entire length of the south side 
of Bristol Bay (Fig. 2). The length of each saw-tooth was approximately 27.8 
km (15 nmi) per side. To extend coverage into deeper waters, after every third 
saw-tooth a longer transect was added (approximately 64.8 km [35 nmi7 per 
side). Surveys were also flown across the middle of Bristol Bay. In 1992 and 
1993 three independent surveys of the offshore waters of the Alaska Peninsula, 
Kodiak Island, and Southcentral and Southeast Alaska were completed (Fig. 
2). Again three saw-tooths (27.8 km in length) were followed by a longer 
saw-tooth (64.8 km in length). However, each set of lines was offset from the 
others by an equal distance, creating an overlap of saw-tooths. The starting 
position of each replicate trackline was determined by choosing three random 
numbers between 0 and 37, the width of the saw-tooth (base width of 37 
km). By offsetting three different tracklines rather than surveying one trackline 
three times, we were able to reverse course and continue surveying on a dif- 
ferent set of lines in the same day, remaining independent of the previous line 
surveyed. Each sampled survey line was independent of the other for purposes 
of pooling trackline results. The same airplane was used throughout the study 
period, and the teams of observers overlapped considerably among years. 

Data Analysij 

Estimation methods-Density of harbor porpoises was calculated using line 
transect estimates based on perpendicular distances of sightings to the cruise 
track of the airplane. The estimate of the density of groups (0,) in the study 
area was 

where L was the length of the trackline, f(0) was the value of the detection 
curve evaluated at zero distance off the trackline, and n was the number of 
sightings. The total number of animals per unit area was estimated by mul- 
tiplying the estimate of the density of groups by the estimate of the average 
group size (F)-that is, the estimate of density (D) was 

where nlL was the number of sightings per length of trackline and s = average 
group size. The variance of this estimate (Buckland et al. 1993, Burnham et 
al. 1980) has components of f ( O ) ,  3, and the encounter rate (nlL). If f ( O ) ,  3 
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Figure 2. Aerial survey tracklines for harbor porpoise (Phocoena phocoena) assessment 
studies (1 991-1993). 

and the encounter rate are independent, and no animals on the trackline are 
missed, then, 

Methods for measzlring perpendzczllar distance-The distance from a sighting 
to the trackline of the airplane was calculated as hltan(a,), where a, is the 
sighting angle and h is the survey altitude (152.5 m). 

Methods for estimating density-For our estimation of population density, we 
used the program DISTANCE (Laake et al. 1993). In applying the line transect 
method i t  is necessary to assume that the perpendicular distances are measured 
without error. Measurement errors do occur because observers sometimes round 
off sighting angles, and it is difficult to measure large radial distances accu- 
rately. Therefore, we followed the suggestions of Buckland (1985) and Burn- 
ham et al. (1980) and grouped the perpendicular distances into intervals. Al- 
though this technique will often increase the estimate of the variance, it should 
reduce bias associated with rounding off angle measurements, especially at 0". 
We also followed Burnham et al. (1980) and truncated 3% of the extreme 
distances as a bias-reduction technique. 

Detection curves were calculated for all data collected in each survey year 
by pooling all sightings in a given year. Since f(0) did not differ between 
years, and since the estimated detection curves were similar, one detection 
curve was computed from the pooled data and a single estimate off(0) ob- 
tained. Encounter rates (n/L)  and mean group size (s) were estimated sepa- 
rately for each area using the methods of Buckland et al. (1993) as imple- 
mented in Laake et al. (1 993). 
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The variance of the density estimate has three components: the variance of 
f ( O ) ,  of the encounter rate n/L, and of group size (variances were estimated 
using both maximum likelihood and bootstrap methods). In the maximum 
likelihood approach the variances off(0) and were obtained using the meth- 
ods described in Buckland et al. (1993) as implemented in Lake  et al. (1993). 
The variance of the encounter rate was estimated from the variation in en- 
counter rates between replicates if there were replicate tracklines, or by assum- 
ing that the number of encounters followed a Poisson distribution (var(n) = 
n and var(n/12) = n/L2) if there was only one replicate. The bootstrap estimates 
of the variances were obtained by computing the empirical variance of 2,000 
replicates of the above process. In addition, we computed a second bootstrap 
estimate of the variance of the encounter rate by subsampling survey legs with 
replacement within each sampling area. A survey leg is a segment of effort in 
which all recorded survey variables (observers, Beaufort state, glare, visibility) 
were identical. The subsampling process assumed that the legs were indepen- 
dent. Subsampling was conducted in such a way that the total length of the 
bootstrap sample was similar ( i e . ,  legs were drawn until the total sampled 
distance exceeded the observed distance). The last sampled leg was used in 
the bootstrap if the total distance was nearer the observed distance than the 
total length without the last leg; otherwise the last sampled leg was not used 
to obtain the observed value of L. 

The size of the study area was measured from a digitized map of Alaska 
using the software CAMRIS.37* 

Combined abandance estimates for the State of Alaska-The abundance esti- 
mates derived for each geographical area surveyed by aircraft during our study 
were summed to obtain a total abundance estimate of harbor porpoises for 
Alaskan waters from Bristol Bay (Southeast Bering Sea) to Dixon Entrance (in 
Southeast Alaska). 

RESULTS 

Detection Curves 

We followed the advice of Buckland et al. 1993 and investigated a wide 
variety of models for our sighting data. Nine models were considered: the 
uniform, hazard rate, and half normal curves with either cosine, polynomial, 
or Hermite polynomial adjustments. The three models which best fit the data 
based on the Akaike Information Criterion (AIC) and chi-square goodness of 
fit criteria over several different groupings of data were the haif-normal model 
with one cosine adjustment term, the hazard model with two Hermite poly- 
nomial adjustment terms, and the uniform model with two cosine adjustment 
terms (Fig. 3). The uniform and half-normal models produced similar esti- 
mates of f(0) and effective strip width, while the hazard-rate model gave a 
smaller value off(0) with a larger effective strip width. Based on the AIC and 

Computer Aided Mapping and Resource Inventory System. Ecological Consulting, Inc., 
Portland, Oregon. 
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Figure 3 .  Half-normal, uniform, and hazard rate model detection curves fit to 
harbor porpoise sighting data. 

chi-square over various groupings of the data, and the quality of the fit near 
0, we modeled the detection curve using the half-normal with one cosine 
adjustment. 

The estimated values of f(O), effective strip width (ESW), and the proba- 
bility of detecting porpoises if they were within the effective strip width ( P )  
using the maximum likelihood and bootstrap methods (Table 1, 2) were not 
significantly different; the standard errors off(O), ESW and P from the max- 
imum likelihood method were larger than the corresponding bootstrapped 
standard errors (compare Table 1, 2). 

We examined size bias by testing the significance of the slope of the re- 
gression of the logarithm of school size on estimated detection probability. 
This resulted in a non-significant slope (P  = 0.36, df = 177). 

Cook Inlet and Bristol Bay 

Aerial surveys were conducted in Cook Inlet on 1 and 2 August 1991 and 
Bristol Bay from 4 to 13 August 1991. In Cook Inlet 1,873 km were surveyed, 
resulting in three group sightings (four animals) (Fig. 4). In Bristol Bay, 5,725 
km were surveyed and thirty-five groups (39 animals) were seen (Fig. 4). More 
porpoises (2 1 sightings) were seen during mid-bay (offshore) surveys than 
during nearshore surveys (seven sightings). Replicate surveys in coastal waters 
yielded similar results: seven, six, and five sightings, respectively. Average 
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group size for Cook Inlet was 1.33 (SE = 0.33). Average group size for Bristol 
Bay was 1.17 (SE = 0.35). 

We estimated the density in Cook Inlet to be 0.54 groups/100 km2 (SE = 
0.31), resulting in an abundance estimate of 136 with a 95% confidence 
interval of ll-1,645; CV = 63.2%). For Bristol Bay, a density estimate of 
4.48 groups/lOO km’ was calculated (SE = 1.38). A density estimate for the 
entire area was computed as the weighted sum of the separate density esti- 
mates, with weights equal to the proportion of the total area covered by each 
subarea. An abundance estimate of 3,531 was obtained (CV = 24.3%) with 
a 95% confidence interval ranging from 2,206 to 5,651. 

The estimated encounter rates and, thus, the density of groups and the 
abundance estimates from the bootstrap calculations were similar to the like- 
lihood values (compare Table 1, 2). The bootstrapped standard errors of the 
encounter rates, group density, and abundance in Bristol Bay were slightly 
smaller than the likelihood estimates; for Cook Inlet they were virtually iden- 
tical. 

Kodiak Island and the South Side of the ALaska Peninsula 

Aerial surveys were conducted off Kodiak Island and the south side of the 
Alaska Peninsula from 6 July to 9 August 1992. A total of 6,961 km was 
surveyed (Fig. 2). Forty sightings (54 animals) were made (Fig. 4). Waters 
surrounding Kodiak Island were surveyed three times. The saw-tooth track- 
lines along the south side of the Alaska Peninsula from the west end of Shel- 
ikof Strait to Sand Point were surveyed twice. Inclement weather prohibited 
surveying west of Sand Point. Average group size off Kodiak Island was 1.41 
(SE = 0.13) and off the south side of the Alaska Peninsula 1.1 (SE = 0.10). 
We estimated the density off Kodiak Island to be 1.85 groupsll00 km2 (SE 
= 6.03) for an abundance estimate of 740 with a 95% confidence interval of 
259 to 2,115 and a coefficient of variation of 33.9%. Density off the south 
side of the Alaska Peninsula was 2.03 groupsll00 km2 (SE = 1.65). The 
abundance estimate for this area was 551 with a 95% confidence interval of 
423-719 (CV = 12.2%). 

The estimated encounter rates from the bootstrap were similar to the like- 
lihood estimates (Table 1, 2). The level of variability of the bootstrapped 
Kodiak estimates was the same as for the likelihood estimates, but for the 
south side of the Alaska Peninsula, both bootstrapped estimates were much 
more variable (CV = 8.16% us. 32.6% and 31.6%). We believe this was 
probably caused by more clustering of porpoise schools in the Alaska Peninsula 
area. Thus, while the abundance estimates were similar, the bootstrapped con- 
fidence intervals were about twice as wide as those based on the likelihood 
method. This suggests that the assumptions for the likelihood-based variance 
estimates were not satisfied and that the bootstrap estimates may be more 
realistic. 
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I 

14800 132OOO 

Figure 4. Sightings of Alaska harbor porpoises (Phocoena phocoena) based on aerial 
surveys (199 1-1 993). 

Prince William Sound t o  Dixon Entrance 

Aerial surveys were conducted from Prince William Sound to Dixon En- 
trance from 1 to 26 June 1993. A total of 8,573 km were surveyed (Fig. 2), 
and 105 groups (131 animals) were seen(Fig. 4). Average group size was 1.22 
(SE = 0.04). Density was calculated at 4.02 groups/100 km2 (SE = 7.42). 
An abundance estimate of 3,982 was obtained with a 95% confidence interval 
of 2,567-6,177 (CV = 18.7%). 

The estimated encounter rates based on the bootstrap were similar to the 
likelihood estimates, and the confidence intervals overlapped each other. The 
standard error using the likelihood method was smaller than the standard 
errors based on bootstrap methods 1 or 2. This is probably caused by little 
variability between replicates but high variability within the replicates, with 
most sightings occurring on very few legs. 

Overall Abundance Estimate for Alaska State Waters 

We combined the estimates obtained for the five geographical areas (areas 
1, 2, and 3 were combined; Fig. 1) for all years (1991-1993), and included 
vessel surveys within the inside waters of Southeast Alaska that occurred si- 
multaneously with aerial surveys conducted in June 1993 (estimate = 1,586, 
SE = 622; Dahlheim et al. 1994). This resulted in an overall abundance 
estimate of 10,526 (SE = 1,325) with a 95% confidence interval of 8,232- 
13,459 (Table 3). The calculated coefficient of variation was 12.6%. sightings 
made during these aerial surveys are depicted in Figure 4. 



Ta
bl

e 
3.

 
Su

m
m

at
io

n 
of

 h
ar

bo
r 

po
rp

oi
se

 a
bu

nd
an

ce
 t

hr
ou

gh
ou

t 
A

la
sk

a.
 S

ig
ht

in
gs

 a
re

 t
ot

al
s 

fo
r 

al
l 

re
pl

ic
at

es
. 

Ef
fo

rt 
is

 s
um

m
at

io
n 

of
 a

ll 
tr

ac
kl

in
es

 f
or

 a
ll 

re
pl

ic
at

es
. 

D
en

si
ty

 (
ab

un
da

nc
ei

ar
ea

) 
is

 p
or

po
is

es
 p

er
 1

00
 k

m
'. 

N
um

be
r 

A
re

a 
of

 
Ef

fo
rt 

SE
 

A
re

a 
Y

ea
r 

(s
q.

 k
m

) 
Si

gh
ti

ng
s 

an
im

al
s 

(k
m

) 
A

bu
nd

an
ce

 
D

en
si

ty
 

C
V

 (
%

) 
ab

un
da

nc
e 

B
ris

to
l 

B
ay

 
79

,2
15

 
35

 
39

 
5,

72
4.

8 
3,

53
1 

4.
46

 
24

.3
4 

85
9.

45
 

85
.9

2 
63

'1
8 

25
1.

08
 

C
oo

k 
In

le
t 

19
91

 
19

91
 

18
,7

87
 

3 
4 

1,
87

3.
4 

13
6 

0.
72

 

A
K

 P
en

in
su

la
 

19
92

 
19

92
 

24
,6

65
 

10
 

11
 

1,
66

6.
7 

55
1 

2.
23

 
12

.2
1 

67
.2

8 
K

od
ia

k 

PW
S 

to
 D

ix
on

 
19

93
 

82
,6

19
 

10
5 

13
1 

8,
57

2.
9 

3,
98

2 
4.

82
 

18
.7

2 
74

5.
43

 
SE

 A
la

sk
a"

 
Ju

ne
 1

99
3 

24
,0

5 
1 

96
 

13
3 

1,
99

2.
0 

1,
58

6 
6.

59
 

39
.2

2 
62

2.
03

 
C

om
bi

ne
d 

19
91

-1
99

3 
25

7,
54

4 
27

9 
36

1 
25

,1
23

.4
 

10
,5

26
 

4.
09

 
12

.5
9 

1,
32

5.
2 

1 

28
,2

07
 

30
 

43
 

5,
29

3.
6 

74
0 

2.
62

 
33

.9
3 

* V
es

se
l 

su
rv

ey
. 



42 M A R I N E  MAMMAL SCIENCE. VOL. 16. NO. 1. 2000 

DISCUSSION 

To obtain reliable abundance estimates of harbor porpoise, observations and 
subsequent analysis must be limited to sightings collected during mild sea 
conditions and other optimal environmental conditions. During this study, 
field operations were terminated when whitecaps occurred (Beaufort 3). In 
Alaska, increasing sea state appeared to have the greatest effect on the ability 
of observers to detect porpoises. However, for areas outside of Alaska, many 
other environmental factors (e.g., percent of cloud cover, glare, and water clar- 
i ty) have been shown to affect the sightability of this species from either the 
air or vessels (Barlow 1988, Barlow et al. 1988). Palka (1995a) was able to 
examine the influence of environmental factors (surface temperature, water 
depth, density index of prey species, and spatial location) on harbor porpoise 
distribution and abundance in the Gulf of MaineIBay of Fundy region. She 
concluded that changes in abundance and distribution might be related to 
interannual changes in surface temperature and prey density. 

Doh1 e t  al. (1983) reported that harbor porpoises off California were gen- 
erally found within 0.25 nmi of the shoreline. Although water depth was not 
explicitly considered during our 1991-1993 studies, more effort was concen- 
trated on nearshore areas. 

The type of survey platform used has also been shown to affect population 
estimates (Barlow 1988, Barlow et al. 1988, Calambokidis et al. 1993). As 
expected, during aerial surveys, group size was undoubtedly underestimated, 
because the amount of time allowed to detect a second or third animal is 
extremely limited unless that animal is travelling very close to the initial 
animal sighted. Under good visibility conditions i t  is possible to detect por- 
poises below the surface, but this has not been quantified. Detection curves 
during our aerial surveys dropped off sharply at approximately 147 m (whereas 
the detection curve for the 1993 vessel survey dropped off at approximately 
500 m, Dahlheim et al. 1994). 

Kraus e t  al. (1983) compared sightability of harbor porpoises between aerial, 
vessel, and shore-based platforms. They concluded that aerial survey teams 
may miss 80% and vessel survey teams up to 50% of the harbor porpoise 
population in the viewing area. The group density estimates obtained during 
our aerial surveys (1991 through 1993) are lower than for our June 1993 
vessel survey. While this is probably a function of the type of survey platform 
used, it might also reflect differences in abundance of porpoises between the 
two habitats. We cannot sort this out from the existing data. 

The average density of harbor porpoises in Alaska appears lower that the 
estimates obtained for California, Oregon, and Washington (Barlow 1988, 
Barlow et al. 1988, Calambokidis et a/. 1993). Given that survey conditions 
were ideal during most of our research, we conclude that the overall density 
of harbor porpoise is lower in Alaska waters. However, the distribution is no 
doubt patchy, with some areas having densities as great as those observed in 
California, Oregon, and Washington. In addition, our study, unlike previous 
studies, did not have an observer in a belly window, possibly contributing to 
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lower observed encounter rates. Because few sightings were made during aerial 
surveys, we made the strong assumption that the detection curve estimated 
from the  combination of sightings applied to all areas. Therefore, i t  is possible 
that the  variance of the abundance estimate may be underestimated. 

Our analysis indicates that group size is independent of sightability. Palka 
(1995b) also found no obvious size bias based on shipboard surveys in the 
northern Gulf of Maine and the lower Bay of Fundy in 1991. 

The  overall abundance estimate is biased downward because counts were 
not adjusted to account for missed porpoises on the trackline and because all 
areas of Alaska were not surveyed. Dedicated studies to address harbor porpoise 
behavior (e.g., percentage of missed animals on the trackline based on respi- 
ration rates, attraction versus avoidance of survey platform by porpoises, envi- 
ronmental affects on sightability of porpoises, etr.) have not been conducted 
in Alaska. To account for porpoises missed along the trackline, researchers 
working with harbor porpoises in California, Oregon, and Washington State 
have multiplied porpoise density values by a factor of 3.2 (Barlow et al. 1988, 
Calambokidis et al. 1993). If the Alaska estimates of harbor porpoises are 
multiplied by this most recent correction factor, an overall abundance estimate 
of 33,683 is obtained. 
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